Formation of N\'eel Type Skyrmions in an Antidot Lattice with
  Perpendicular Magnetic Anisotropy by Saha, S. et al.
Formation of Néel Type Skyrmions in an Antidot Lattice with Perpendicular
Magnetic Anisotropy
S. Saha1,2,∗ M. Zelent3,† S. Finizio2, M. Mruczkiewicz4, S. Tacchi5, A. K. Suszka1,2,
S. Wintz2,6, N. S. Bingham1,2,7, J. Raabe2, M. Krawczyk4, and L. J. Heyderman1,2
1Laboratory for Mesoscopic Systems, Department of Materials, ETH Zurich, 8093 Zurich, Switzerland
2Paul Scherrer Institut, 5232 Villigen PSI, Switzerland
3Faculty of Physics, Adam Mickiewicz University in Poznan, Umultowska 85, Poznan, PL-61-614 Poland
4Institute of Electrical Engineering, Slovak Academy of Sciences,
Dubravska Cesta 9, SK-841-04 Bratislava, Slovakia
5Istituto Officina dei Materiali del CNR (CNR-IOM), Sede Secondaria di Perugia,
c/o Dipartimento di Fisica e Geologia, Università di Perugia, I-06123 Perugia, Italy
6Helmholtz-Zentrum Dresden-Rossendorf, 01328 Dresden, Germany and
7Department of Applied Physics, Yale University, New Haven CT 06511, USA
(Dated: October 11, 2019)
Magnetic skyrmions are particle-like chiral spin textures found in a magnetic film with out-of-plane
anisotropy and are considered to be potential candidates as information carriers in next generation
data storage devices. Despite intense research into the nature of skyrmions and their dynamic prop-
erties, there are several key challenges that still need to be addressed. In particular, the outstanding
issues are the reproducible generation, stabilization and confinement of skyrmions at room tempera-
ture. Here, we present a method for the capture of nanometer sized magnetic skyrmions in an array
of magnetic topological defects in the form of an antidot lattice. With micromagnetic simulations,
we elucidate the skyrmion formation in the antidot lattice and show that the capture is dependent
on the antidot lattice parameters. This behavior is confirmed with scanning transmission x-ray mi-
croscopy measurements. This demonstration that a magnetic antidot lattice can be implemented as
a host to capture skyrmions provides a new platform for experimental investigations of skyrmions
and skyrmion based devices.
I. Introduction
In materials exhibiting perpendicular magnetic
anisotropy (PMA), non-collinear spin textures can be
stabilized in weak magnetic fields or even at remanence.
In particular, labyrinth domains can shrink to form
isolated magnetic skyrmions1,2, which are topologically
non-trivial stable spin textures characterized by a
non-zero winding number with topological charge3.
The antisymmetric exchange interaction, known as the
Dzyaloshinskii-Moriya interaction (DMI)4, which can
arise due to large spin orbit coupling in the presence of
the broken inversion symmetry in the material, helps to
stabilize the chiral magnetic skyrmions. For asymmetric
heavy-metal/ferromagnet/heavy-metal heterostructures,
the inversion symmetry is broken by using different
layers above and below the ferromagnetic layer, giving
rise to an interfacial DMI.
The Hamiltonian describing the DMI between two
atomic spins Si and Sj can be expressed as: HDM =
-DDM·(Si×Sj), whereDDM is the Dzyaloshinskii-Moriya
vector. The direction of the DM vector is defined by the
type of DMI in the material. For interfacial DMI, the
orientation of the DM vector leads to the stabilization
of Néel-type magnetic skyrmions5 whereas the lack of
structural inversion symmetry in bulk materials6,7 (e.g.
B20 materials) leads to the stabilization of Bloch-type
magnetic skyrmions8. In addition, skyrmions can also be
stabilized via dipolar interactions in systems with small
or no DMI9–11. The magnetic domain structure stabilized
in magnetic layers and multilayer stacks depends on the
properties of the magnetic film and magnetic history of
the sample, with the final spin configuration of the ma-
terial determined by the ratio of the uniaxial anisotropy
Ku to the demagnetization energy, the thickness of mag-
netic layer d, the strength of the DMI, and the number
of layers present in the superlattice. By changing the ori-
entation of the external magnetic field, one can obtain
different domain structures during magnetization rever-
sal, such as stripe, labyrinth, non-chiral bubble domains
and, in some cases, skyrmions12,13.
Additionally, the magnetic properties of a film can
be influenced via patterning. For example, magnonic
crystals14,15, which are spatially modulated magnetic
thin films, form well-defined spin wave band struc-
tures16 due to their periodicity. One common example of
magnonic crystals are ferromagnetic antidot lattices17–19
consisting of periodically arranged holes in a ferromag-
netic thin film. Antidot lattices have been proposed as
a medium for data storage devices, where the informa-
tion bit would be trapped between two consecutive anti-
dots20,21. Additionally, antidot lattices patterned in mag-
netic multilayers with high PMA have also been consid-
ered as a candidates for perpendicular percolated me-
dia22, which constitutes an alternative approach to con-
ventional bit patterned media. Antidots can be also em-
ployed to modify the intrinsic anisotropy of the system23.
With regard to skyrmions, it has been shown that the
edge of a magnetic element as well as defects24 can repel
the skyrmions. It has also been shown that pinning sites
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2can accelerate skyrmion motion24. Therefore, an antidot
lattice can be considered to be an array of artificial pin-
ning sites where skyrmions are repelled from the edges of
the holes. Thus, skyrmions will be trapped at the saddle
point within the lattice, allowing for control of current
driven motion. It has also been shown, with micromag-
netic simulations,25 that an antidot lattice can be tai-
lored to host skyrmion-like bubbles, which form without
the presence of DMI.
Here, we demonstrate that we can capture magnetic
skyrmions within an antidot lattice fabricated in a [Pt
(3 nm)/Co (1.1 nm)/Ta (4 nm)]12 multilayer (ML) stack
exhibiting both PMA and interfacial DMI (see Fig. 1).
Imaging the nanoscale skyrmions using scanning trans-
mission x-ray microscopy (STXM), we observe that mag-
netic skyrmions are created from a labyrinth domain pat-
tern on application of a magnetic field. With micromag-
netic simulations, we show that the control of formation
of skyrmions within the antidot lattice can be tuned by
varying the lattice constant of the array. For a compact
lattice, no skyrmions are formed whereas, for a sparser
one, skyrmions are formed within the antidot lattice. In
particular, in both experiment and micromagnetic simu-
lations, we find that that the basic criterion for the for-
mation of skyrmions is to have open ends in the labyrinth
domain structure, which do not form below a specific sep-
aration between the antidots edges.
II. Sample fabrication
Multilayer films of [Pt (3 nm)/ Co (1.1 nm)/ Ta (4
nm)]12 were deposited on 200 nm thick x-ray transparent
Si3N4 membranes supported by 200 µm thick Si frames.
SiN (200 nm)
membrane
Pt (3 nm)
Co (1.1 nm)
Ta (4 nm)
Pt (3 nm)
Co (1.1 nm)
Ta (4 nm)
r=10
(a) (b)
(c)
Ga+
LC = 550 nm
Fig. 1. (a) Visualization of the 3D spin orientation for
skyrmions inside the antidot lattice in an applied magnetic
field of -35 mT. (b) Schematic of the multilayer stack with a
fabricated antidot using focused Ga ion beam milling (FIB).
(c) Scanning electron microscope image of the antidot lattice
with antidot diameter d = 250 nm and lattice constant LC =
550 nm patterned in the [Pt/Co/Ta]12 film.
The films were deposited using DC magnetron sputter-
ing (AJA International Sputter System) with a confocal
sputter up geometry at a base pressure of 2× 10−8 torr.
The deposition of all of the layers was performed at a 3
mTorr Ar partial pressure. The antidot lattice was then
patterned with focused ion beam milling (FIB) using a
focused 30 kV Ga+ beam [Fig. 1(b)] with a beam cur-
rent of 10 pA and a Gaussian spot size of 13 nm. Not
only does the incident Ga+ ion beam modify the mag-
netic properties of the film, but also the scattered Ga+
ions, resulting in a lateral distribution of the deposited
dose. To reduce the effect of the scattered ions, the ion
milling was carried out from the back of the membrane.
In this case, the Si3N4 membrane absorbs most of the
scattered Ga+ ions. Two different types of antidot lat-
tices were fabricated with a hole (antidot) diameter d of
250 nm and lattice constant (LC) of 550 and 1000 nm.
A scanning electron micrograph of one of the patterned
antidot lattices is shown in Fig. 1(c).
III. Magnetic characterization
The magnetic properties of the sputtered films were
determined using various techniques. From the out-of-
plane hysteresis loop, measured using a superconduct-
ing quantum interference device vibrating sample mag-
netometer (SQUID-VSM, Quantum Design MPMS3) and
shown in Fig. 2(a), the saturation magnetization, (Ms),
was found to be ≈ 0.771 ∗ 106 A/m and saturation field
≈ 40 mT. The interfacial DMI of the system was deter-
mined by measuring the non-reciprocal spin wave disper-
sion using Brillouin light scattering (BLS). The presence
of the interfacial DMI induces a frequency difference, ∆f ,
between oppositely propagating Damon-Eshbach modes.
This exhibits a linear dependence on the spin wave vec-
tor k and is proportional to the effective DMI constant
D, according to the following relation:
∆f =
2γD
piMs
k (1)
where γ is the gyromagnetic ratio. The spin wave non-
reciprocity, ∆f , was determined by measuring the fre-
quency difference between the Stokes (negative frequen-
cies) and anti-Stokes (positive frequencies) peaks in the
BLS spectra, which correspond to spin waves propagat-
ing in the opposite directions26.
BLS measurements were carried out by focusing a
monochromatic laser (λ = 532 nm) on the sample surface
and analyzing the backscattered light by a Sandercock-
type (3+3) pass tandem Fabry-Perot interferometer. An
in-plane magnetic field, sufficiently large to saturate the
magnetization in the film plane, was applied along the di-
rection perpendicular to the wavevector of the spin waves.
Due to the photon-magnon conservation law of momen-
tum in the scattering process, the magnitude of the wave
vector is linked to the incidence angle of light θ, by the
relation k = 4pi sin θ/λ. For our measurements, ∆f mea-
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Fig. 2. (a) Out of plane hysteresis loop of the [Pt/Co/Ta]12
film. (b) The frequency asymmetry (∆f) extracted from the
BLS measurement of the [Pt/Co/Ta]12 film for an in-plane
applied bias field of 0.9 T and -0.9 T. ∆f is the difference be-
tween the frequency of the Stokes and the anti-Stokes peaks
present in the BLS spectra. A schematic of the experimental
configuration is shown in the inset. (c-e) XMCD-STXM of
magnetic states in the multilayer film at thee different mag-
netic fields indicated with blue points on the hysteresis loop in
(a). (f-h) Simulated images of similar magnetic configurations
in the multilayer film. In all images, the dark and bright con-
trast corresponds to domains with magnetization pointing up
and down, respectively. The skyrmions are indicated by solid
red circles and the domain ends from which the skyrmions are
nucleated are indicated by dashed red circles.
sured as a function of k, for an applied bias field (B) of
0.9 T and -0.9 T. k was varied from 0 to 2 × 107 rad/m
and a linear behavior is observed. Note that, upon re-
versing the direction of the applied magnetic field, ∆f
changes sign due to the reversal of the spin wave prop-
agation direction. The effective DMI constant was then
determined with a linear fit (continuous line) to the ex-
perimental data based on Eq. 1. The value of DMI, D =
- 0.78 ± 0.02 mJ/m2 was determined using gyromagnetic
ratio Γ = 19.4 GHz/T and previously measured value of
Ms. the value of DMI is sufficient to support the forma-
tion of Néel skyrmions. Moreover, the negative value of
D indicates that left-handed chirality is favored in this
material system.
The magnetic configuration of the antidot lattices was
imaged using STXM at the PolLux endstation of the
Swiss light source27. Circularly polarized photons are
tuned to the L3 absorption edge of Co (778 eV) and are
focused onto a 25 nm spot on the sample using a diffrac-
tive Fresnel zone plate with an outermost zone width of
≈ 25 nm. Magnetic contrast was obtained through the x-
ray magnetic circular dichroism (XMCD) effect and, by
illuminating the sample at normal incidence with respect
to the surface. A selection of XMCD images acquired un-
der different applied out-of-plane magnetic fields of the
magnetic states in a continuous [Pt/Co/Ta]12 multilayer
film are shown in Fig. 2 (c-e). Prior to the acquisition
of the images, the following field initialization protocol
was applied; the sample was saturated with a 100 mT
out-of-plane magnetic field, which was then reduced to 6
mT. After the field initialization, a demagnetized sample
with labyrinth domains was observed. These demagne-
tized labyrinth magnetic states are always obtained after
repeated field initialization protocols. Then the magnetic
field reduced to zero and a reversed field was applied in
increasing steps. As the magnetic field is increased up to
the reverse saturation field, the width of the labyrinth
domains with magnetization pointing antiparallel to the
applied field is reduced from a value of ≈ 200± 35 nm at
-6 mT to ≈ 150± 35 nm upon their collapse into several
isolated skyrmions at -23 mT. Close inspection reveals
that the skyrmions form at the end of the domains. These
skyrmions eventually annihilate at an applied magnetic
field of ≈ −38 mT.
IV. Micromagnetic simulations of Skyrmion
nucleation
The skyrmion nucleation process in a thin film and an-
tidot lattices are simulated using Mumax328–30. For the
simulation, we have used periodic boundary conditions
along the out-of-plane axis with six repetitions in both
the negative and positive z directions31. The simulations
were performed for a finite 4.4 µm2 film using a uniformly
discretized grid with a cell size of 2.0 nm × 2.0 nm × 1.1
nm, where the thickness of the film cell of 1.1 nm corre-
sponds to the thickness of the magnetic layer in the real
sample. For the simulations, we employed the experimen-
tally measured values ofMs and DMI reported in Section
III. Furthermore, an exchange constant of A = 1× 10−11
J/m and a PMA of Ku = 3.45 × 105 J/m3, taken from
the literature32, were used in the simulations. In order to
mimic the polycrystalline nature of the sample, a Voronoi
tessellation was added in the micromagnetic simulations,
where each grain was assigned a slightly different per-
pendicular magnetic anisotropy drawn randomly from a
normal distribution centred about a mean value with a
standard deviation of 10%. The variation of anisotropy
is important to reproduce the experimental observations
in simulation as it acts as defects, which facilitating the
skyrmion formation33. For continuous thin films, the ra-
tio of magnetization pointing down domain (black) to
magnetization pointing up (white) domains is controlled
by the Zeeman energy, the size and morphology of the
black and white domains are controlled by the anisotropy
and domain wall energy, and the chirality is determined
by the DMI. The experimental observation and simula-
tions of the continuous thin film [Fig. 2 (f-g)] exhibit a
4good qualitative agreement with the experimental images
shown in Fig. 2 (c-e). In the simulations, a labyrinth do-
main pattern is formed at zero magnetic field [Fig. 2 (f)].
As the magnetic field was increased, the labyrinth do-
mains collapsed into individual skyrmions [Fig. 2 (d,e
and g, h )]. The skyrmions are formed at the end of
the white domains, which is similar to the experimental
observations. However, in the simulations, the magnetic
skyrmions were created at a larger magnetic field than
that observed in the experimental data. This observed
discrepancy between the micromagnetic simulations and
the experimental data can be explained by the fact that
the simulations were performed at 0 K, neglecting any
thermal fluctuations, which leads to an increase of the
nucleation field 34,35.
In order to provide insight into the skyrmion stabi-
lization and capture in the antidot lattices, micromag-
netic simulations were systematically performed for lat-
tice constants of 400, 500, 600 and 800 nm. The evolution
of the domain patterns on increasing the applied mag-
netic field is shown in Fig. 3. In general, during the mag-
netization reversal of the antidot lattice, reverse domains
(in black) penetrate into the antidot lattice through the
channels between the holes. The penetration of the black
domains is hindered by the pinning field associated with
the antidots, and white domains are pinned around the
holes.
For the more compact lattices (LC = 400, 500 and 600
nm), the labyrinth domain pattern is significantly modi-
fied at zero field [see, for example, Fig. 3(a)] and the de-
tails of the magnetization reversal strongly depends on
the lattice constant. At 0 mT, while the black domains
have penetrated into the antidot lattice for the larger lat-
tice constants, for LC = 400 nm, most of the lattice is
still in a saturated state. A higher magnetic field is then
required for the black domains to penetrate into the lat-
tice and, due to the lack of space between the antidots,
the white domains do not completely surround the holes.
For all three lattice constants, the white domains often
remain pinned at two neighboring holes on increasing the
magnetic field, forming straight narrow domains between
them, an example of which is indicated by red dotted cir-
cles in Fig. 3 for LC = 400, 500 and 600 nm. With fur-
ther increase of the magnetic field, these connected white
domains shrink to form straight sections between the an-
tidots and eventually vanish at a higher magnetic field.
As a result, for these compact lattices, the formation of
the skyrmions is hindered due to strong pinning of the
labyrinth domains at the holes in the antidot lattice.
For sufficiently large lattice constant, LC = 800 nm,
a partial labyrinth domain pattern is observed at 0 mT.
In this case, some of the domains are either directly con-
nected between two neighboring holes [see, for example,
dashed circles labelled 1 and 2 in Fig. 3 (a)] but also form
open domain ends [see dashed circle labelled 3 in Fig. 3
(a)]. As the applied magnetic field is increased, the con-
necting domains disconnect, forming open domain ends
as indicated by the dashed circles labelled 1 and 2 in Fig.
3. With further increase of the applied magnetic field,
these open domain ends in the antidot lattice eventually
shrink to form magnetic skyrmions indicated by red solid
circles in Fig. 3 (e) and (f). The size of the skyrmions also
decreases with the further increase of the magnetic field
[compare, for example, skyrmions in Fig. 3 (e) and (f),
and see Supplementary movie 2 for LC = 800 nm]. The
detailed evolution of the 3D magnetization configuration
on increasing of the applied magnetic field for LC = 400
and 800 nm is shown in Supplementary movies 3 and 4,
respectively.
In order to understand the magnetization reversal pro-
cess and the mechanism behind the skyrmion formation
in the antidot lattice, we have extracted the spatial dis-
tribution of the effective magnetic field from the simula-
tions for the different lattice constants at a field value of
5 mT so that the system is in a saturated state just be-
fore the domains formation. From Fig. 4 (a-d), it can be
seen that the contour lines of the effective field are very
dense around the holes and the lines density between the
holes decreases with increasing the lattice constant. The
profile of effective field along the dashed and solid lines
in Fig. 4 (a-d) are shown in Fig. 4 (e) and (f), respec-
tively. Form this, it becomes clear that the effective field
profile changes, in general decreasing and flattening, with
the increase of the lattice constant in both the regions.
The magnetization reversal process is facilitated or hin-
dered, depending on whether the out-of-plane component
of the effective field is negative or positive, respectively.
Although the change in the effective field along the pro-
files is relatively small, it is sufficient to modify the do-
main patterns. In particular, in Fig. 4 (e), it can be seen
that the effective field has a high positive value close to
the edges of the holes 36,37 which explains the pinning of
the white domains around the holes. Additionally, the ef-
fective field is a minimum at the saddle point (SP), which
explains the formation of black domains at the saddle
point region, particularly noticeable for LC = 500 and
600 nm. The larger effective field in the region between
neighboring holes supports the pinning white domains
forming a connection between the holes. For an antidot
lattice with LC = 800 nm, the effective field along the
channels between the holes (along the solid line in Fig.
4) is almost uniform and, in order to find an equilib-
rium state, the system forms labyringth domain patterns
with open domain ends. As the external magnetic field
changes, the domain width also changes to minimize the
total energy of the system and, as shown in literature38,
the length of the domain will also decrease to minimize
the total energy. During the contraction of the domains,
the open domain end is pinned at a local region with
high anisotropy and, subsequently, a constriction forms
that narrows until a skyrmion is formed. This mecha-
nism of formation of skyrmion resembles the necking and
detachment of a drop at the edge of a circular capillary
tube 39. We repeated the simulations several times for
different variations in the anisotropy field distribution.
The simulated results showed that, while the formation
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Fig. 3. Simulated images of the evolution of the magnetic configuration in antidot lattices with different lattice constants on
increasing the magnetic field. The dark and bright contrast corresponds to domains with magnetization pointing up and down,
respectively. Pinned domains are indicated by red dashed circles and the skyrmions are marked with circles with red solid lines.
of skyrmion process is always the same, both the number
of skyrmions and their position strongly depend on the
anisotropy distribution.
V. Experimental observations
Following the micromagnetic simulations, we per-
formed experiments on two samples patterned into anti-
dot lattices with different lattice constants, LC = 550 nm
and 1000 nm. The XMCD-STXM images of the domain
structure in the antidot lattices are shown in Fig. 5 (a-h).
As for the experiments on the continuous [Pt/Co/Ta]12
films, we first performed a field initialization protocol,
decreasing the field from 100 mT to zero and then in-
creasing the magnetic field in reverse direction. For the
antidot lattice with LC = 550 nm, the labyrinth domains
form connections between the antidots on increasing the
magnetic field as indicated by red dashed ellipses in Fig. 5
(b, c and d), which prevents the formation of skyrmions.
In contrast, for LC = 1000 nm, initially the labyrinth
domains directly connect two neighboring antidots as
shown, for example, by red dashed circles labelled 1 and 2
in Fig. 5 (e, f and g). With increase in magnetic field, the
domains disconnect from one of the antidots creating a
"tail" as shown by the red dashed circles labelled 2, 3 and
4 in Fig. 5 (g). The domains with open ends progressively
shrink down in width and length until they collapse into
isolated magnetic skyrmions indicated by red and yellow
solid circles in Fig. 5 (h). This experimental observation
that skyrmions only form for larger lattice constants is
consistent with the results of the micromagnetic simula-
tions, in which it was observed that skyrmions only form
for a lattice constant of 800 nm or larger. In particular,
we note that the mechanism for the skyrmion formation
is well-reproduced by the simulations.
The domains marked by red dashed circles in Fig. 5 col-
lapse into isolated skyrmions at an applied field of about
-22 mT. The diameter of one of the skyrmions (indicated
by the yellow circle in Fig. 5(e)] was determined to be
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147 ± 35 nm (see Fig. 6). This is comparable with the
simulated skyrmion size, which decreases from 200 nm
to 100 nm as the field is increased from -35 mT to -55
mT although, in the experiment, no significant change in
the skyrmion size on increasing the magnetic field could
be seen. The skyrmions finally annihilate at a higher ap-
plied field and, on repeating the initialization protocol de-
scribed earlier, we observed that the magnetic skyrmions
can be repeatedly created in the antidot lattice. The ex-
periment and simulation both show that unconnected do-
main ends are a necessary condition for the formation of
the magnetic skyrmions in the antidot lattice.
VI. Summary
We have elucidated the mechanism for the formation
of Néel skyrmions in an antidot lattice combining micro-
magnetic simulations and XMCD-STXM measurements.
Micromagnetic simulations have revealed two distinct
regimes, one characterized by small lattice constant LC ¬
600 nm that suppresses the formation of skyrmions, while
skyrmions are formed for antidot lattice with LC ­ 800
nm. Therefore, the lattice constant of the antidot array
plays a pivotal role in the skyrmion formation. In par-
ticular, the introduction of the holes in a thin magnetic
film modifies the spatial distribution of the effective field,
which has a profound influence on the formation mecha-
nism of the skyrmions. For a defect-free antidot lattice,
the skyrmions will formed at the saddle point as a result
of the spatial distribution of the effective field. In our
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system, which has a variation in the local anisotropy, the
position of skyrmion formation is determined by the re-
gion with the highest anisotropy value. The mechanism
of formation of skyrmions inside the antidot lattice re-
sembles the formation of liquid droplet at the edge of
a capillary tube. On the increasing in applied magnetic
field, a constriction forms and subsequently narrows un-
til a skyrmion is formed, which is equivalent to necking
and detachment of the liquid drop. In order to bench-
mark the micromagnetic simulation with a real system,
we used focused ion beam milling to fabricate magnetic
antidot lattices with LC = 550 and 1000 nm in a mul-
tilayered [Pt/Co/Ta]12 film with perpendicular magnetic
anisotropy and imaged the evolution of the magnetic con-
figuration in presence of an applied magnetic field with
scanning transmission x-ray microscopy. Our experimen-
tal results reflect the prediction obtained by the micro-
magnetic simulation. Not only do we observe the forma-
tion of Néel skyrmions for the sample with larger lat-
tice constant (LC = 1000 nm), but also the size of the
skyrmions is comparable with the predictions of the mi-
cromagnetic simulation. In conclusion, the array of arti-
ficial pinning sites introduced in the form of an antidot
lattice can host skyrmions, which form in arrays with
sufficiently large lattice constant. We envisage that the
effective field resulting from these pinning sites can be
used to control their position, making the antidot lat-
tice a promising candidate for control of current driven
skyrmion motion.
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